T HE AIM of the work is to search for new, potentially biologically active extract.The chemical and biological investigations of different extracts of P. atlantica, resulted that the ethyl acetate extract of P. atlantica leaves contains a complicated mixture of phenolics, which includes mainly gallotannins as previously detected by 2D paper chromatographic screening. The isolation and identification of six polyphenoles (1-6), were elucidated for the first time from this plant, including three polyphenolic acid; gallic acid (1); ellagic acid (2); 3,3'-dimethoxyellagic acid (3) and three gallotannines, 2,3-di-O-galloyl-(α/β)-4 C 1glucopyranose, nilocitin (4); 1,3-di-O-galloyl-β-D-4 C 1 -glucopyranose (5); 1,2,3,4,6-penta-Ogalloyl-β-D-4 C 1 -glucopyranose (6). The structures of all isolated compounds were elucidated by conventional methods, spectroscopic analysis, including 1D and 2DNMR, ESIMS and HRESI mass as well. The search for new, potentially biologically active extract becomes much more efficient after identification of all compounds in that mixture. The in vitro antioxidant activity using the stable free radical DPPH (2,2-diphenyl-1-pycrylhydrazyl) method of the P. atlantica extracts proved that ethyl acetate extract possesses a distinct radical scavenging effect at the different concentrations and the extract completely inhibited DPPH absorbance at a concentration 77 μl, the percentage of inhibition obtained 96.4% can be considered as a full absorbance inhibition of DPPH. Also, the IC 50 (the concentration that inhibits 50% of the absorbance of DPPH) of ethyl acetate extract of P. atlantica showed an IC 50 value of 8.41±0.24 μg/ml compared with IC 50 value of ascorbic acid 1.82±0.33 μg/ml. It could be concluded from the obtained results that the P. atlantica ethyl acetate extract shows a very high antioxidant capacity which is very close to the value of the reference standard used, which may be attributed to its high polyphenolic content. P. atlantica extracts demonstrated inhibitory effects against pathogenic microorganisms: Staphylococcus aureus, NCTC 7447; Bacillus subtilis, NCTC 10400; Escherichia coli, NCTC 10416; Pseudomonas aerogenasa NCIB 9016); Candida albicans, IMRU 3669. The active ethyl acetate extract shown a sensitizing effect against Staphylococcus aureus, 20mm inhibition zone while the methanolic extract effect against Bacillus Subtilis was 19.5mm inhibition zone. The present study has revealed that Pistacia Atlantica Desf. (Anacardiaceae) growing in Libya is capable of synthesizing and accumulating different types of phenolics, including mainly ellagitannins, gallotannins which were elucidated for the first time from this plant. It could be concluded from the obtained results that the P. atlantica is a promising source for bioactive compounds which have potential applications as bioactive antioxidant agents for the treatment of diseases.
Introduction
Natural products embrace a wide range of chemical classes among which the class of plant phenols represents the most heterogeneous one, as plant phenols are polyhydroxylated phytochemicals [1] . The phenolic compounds widely distributed in plants are tannins, which may occur as hydrolyzable tannins (formed Egypt.J.Chem. 62, No.1 (2019) SALMA, O. K. OTHMAN et al. in the pathway of the phenolic acids with sugar polymerization) and condensed tannins (combination of flavonoids). Since polyphenolic compounds are known to exhibit antioxidant properties [2] and can also act as direct scavenger molecules [3] , they can prevent lipid peroxidation and biological damage caused by free radicals which formed under oxidative stress.
Pistacia, a genus of flowering plants from the family Anacardiaceae, contains about twenty species, among them five species are more popular including P. vera, P. atlantica, P. terebinthus, P. khinjuk, and P. lentiscus [4] , that are native to all of Africa, and southern Europe, warm and semi desert areas across Asia. Different parts of these species have been used in traditional medicine for various purposes like tonic, aphrodisiac, antiseptic, antihypertensive and management of dental, gastrointestinal, liver, urinary tract, and respiratory tract disorders. P. atlantica is a species of Pistacia tree known by the English common name 'mastic' tree and as the Persian turpentine tree. In Arabic, it is called (Butm or Butum), P. atlantica is a deciduous tree growing up to 7 m (23 ft) tall with branches spreading and growing erect to form a dense crown [5] . Genus Pistacia is characterized by the presence of a wide range of diverse compounds such as flavonoids, triterpenes, sterols and phenolic compounds. The phenolic compounds have been detected in different parts of these species, gallic acid, 3-(8-pentadecenyl)phenol; 3,4,5-tri-O-galloyl quinic acid and 1,2,3,4,6-Pentagalloyl glucose from P. vear, P. lentiscus. P. atlantica fruits [6] ; and from P. lentiscus isolated digallic acid [7] ; monogalloyl glucose [8] . The present study aims at the isolation and identification of polyphenols from Pistacia atlantica Desf (Anacardiaceae) leaves as well as evaluation of its biological activities. During the current study, we isolated and identified an additional six phenolic compounds (1-6) from the ethyl acetate extract of P. atlantica leaves. All compounds have been characterized for the first time from leaves of Pistacia atlantica.
Results and Discussion
The fresh leaves of dried powdered P. atlantica was extracted by successive solvent using Soxhlet extractor, beginning with n-hexane, followed by ethyl acetate and finally with methanol. The received active ethyl acetate extract was subjected to a series of column and preparative paper chromatographic separations to isolate compounds (1 -6). Compounds 4 and 5 have not been described before from this species.
Structure Elucidation
In this study, the isolation and identification of the major polyphenolic metabolites, particularly phenolic acids and gallotannines of P. atlantica were carried out for the first time. Successive column chromatographic separations resulted in isolation of three polyphenolic acids (1-3) which identified as; gallic acid [9] ; ellagic acid [10] ; 3,3'-dimethoxyellagic acid [11] , respectively, on the basis of their chromatographic properties (R f -values, fluorescence) under UV-light and their responses towards specific spray reagents for tannins (FeCl 3 , KIO 3 ). The structures of these three metabolites were confirmed by spectroscopic analysis, including 1D, 2DNMR, and by negative ESIMS, HRESI mass as well. Two new ellagitannins (4,5);2,3-di-O-galloyl-(α/β)-4 C 1 -glucopyranose, nilocitin (4); 1,3-di-Ogalloyl-β-D-4 C 1 -glucopyranos (5) carried out for the first time from P. atlantica and 1,2,3,4,6-penta-O-galloyl-β-D-4 C 1 -glucopyranose (6) has been previously isolated from P. lentiscus fruits [12] .
Compound 4, was obtained as an off-white amorphous powder (75 mg) showed a blue color with FeCl 3 , and a pink color with KIO 3 on PC indicative of gallotannins. It possessed UV spectral data λ max : 274 nm. and negative ESIMS spectrum showing [M-H]ion peak at 483 mU corresponding to Mr = 484, identical with those reported for digalloyl glucoses. Complete acid hydrolysis of compound 4, yielded gallic acid and glucose (CoPC, UV spectral data, 1 H, 13 C-NMR and ESIMS analysis); On controlled acid hydrolysis 4 yielded an intermediate 4a, which was separated by Prep. PC, using BAW as solvent. 4a was then subjected to chromatographic, UVspectral and negative ESI-MS analysis proving its identity to mono-galloyl glucose (CoPC, UV spectral data, 1 H, 13 C-NMR and ESIMS analysis). The site of attachment of the two galloyl moieties in the molecule of 4 were then determined through 1 H-NMR and 13 C-NMR analysis (DMSO-d 6 , room temperature) the data were in agreement with the achieved structure of 4 as 2,3-di-Ogalloyl-(α/β)-4 C 1 -glucopyranose or nilocitin [13] ( Fig. 1 ).
Compound 5 was isolated as an off-white amorphous powder (45 mg) showed a blue color with FeCl 3 , and a pink color with KIO 3 on PC indicative of gallotannins. It possessed R f -values, UV spectral data one band at λ max 278 nm; and negative ESI-MS spectrum showing peak at ([M-H]ion at m/z =483mU corresponding to Mr = 484, to be a digalloyl glucose. Complete acid hydrolysis of compound 5, yielded gallic acid and glucose (CoPC, UV spectral data, 1 H-NMR analysis). The site of attachment of the two galloyl moieties in the molecule of 5 were then determined through 1 H-NMR and 13 C-NMR analysis ESIMS as well as. The 1 H-NMR spectrum of 5 revealed two aromatic proton singles, at δ 6.98 and 6.97 ppm assignable to the two existing galloyl moieties. The spectrum also showed in the sugar region, two clearly resolved downfield proton resonances, the most down field of which was found to resonate at δ 5.6 ppm (d, J=8 Hz), attributable to a β-configurated anomeric glucose proton. The second downfield sugar proton resonance was recognized at δ 5.03 ppm (t, J =8Hz). The significant downfield shifts, recognized for these two sugar resonance (in comparison with the resonances of the corresponding protons in free β-glucose) indicated that the hydroxyl groups, geminal to these protons are galloylated, thus proving the structure to be 1,3-di-O-galloylβ-D-4 C 1 glucopyranose. 13 C-NMR spectrum of 5, exhibited carbon resonances which were in accordance with this structure. The β-anomeric carbon was recognized from the resonance at δ 94.1 ppm. The most downfield sugar resonance located at δ 78.2 ppm is obviously due to the galloylated sugar carbon, C-3. Galloylation at C-3 also followed from the upfield shifts of the resonances of C-2 and C-4, compared to the resonances of the corresponding carbons in the spectrum of free β-glucose due to β-effects . The presence of two galloyl moieties in 5 follows from the two carboxylic carbonyl carbon resonances, recorded in this spectrum at δ 165.4 and 166.2 ppm. Other chemical shifts of the resonances of the remaining galloyl and glucose carbons in this spectrum were in agreement with the achieved structure of 5 as 1,3-di-O-galloyl-β-D-4 C 1 glucopyranose as Fig. 1 .
Biological Activities Determination of Radical Scavenging activity by DPPH Assay
The evaluation of the antioxidant activity of methanolic and ethyl acetate extracts of P. atlantica were done through in vitro assays by DPPH (2,2-diphenyl-1-pycrylhydrazyl) radical scavenging activity, the extracts of P. atlantica showed high values for absorbance inhibition at the 3 different concentrations used, (19, 38 , 77μl) ( Fig. 2) , ethyl acetate and methanolic extracts possess a distinct radical scavenging effect at concentration 77 μl, the percentage of inhibition obtained 96.4% and 53.7% respectively, the ethyl acetate extract completely inhibited DPPH absorbance which can be considered as a full absorbance inhibition of DPPH. Also, the IC 50 (the concentration that inhibits 50% of the absorbance of DPPH), was determined from the graph plotted for the % inhibition against concentration in μg/ml for ascorbic acid and P. atlantica ethyl acetate extract which found to be 1.82±0.33 μg/ ml and 8.41±0.24 μg/ml respectively. It could be concluded from the obtained results that the P. atlantica ethyl acetate extract shows a very high antioxidant capacity which is very close to the value of the reference standard used, which may be attributed to its high polyphenolic content.
Antimicrobial Activity of Extracts. Antimicrobial activity of the tested extracts was determined by the agar well diffusion method [14] . In vitro antibacterial activity of the extracts of P. atlantica leaves were studied against five 
Experimental
General NMR spectra were acquired in DMSO-d 6 on a Jeol ECA 500MHz NMR spectrometer, 1 H at 500 MHz and 13 C 125MHz. Standard pulse sequence and parameters were used to obtain one-dimensional. 1 H chemical shifts (δ) were measured in ppm, relative to TMS, 13 
Plant Material
Fresh leaves of Pistacia atlantica Desf (Anacardiaceae) were collected on May, 2016 from wadi sawfajjin, Beni walid, Libya, the located at 180 kilometers North West of Tripoli. The plant was identified according to Ali, et al. [15] . A flowering voucher specimen is deposited in the herbarium of the Benghazi University, Libya.
Preparation of Extract
The fresh leaves of dried powdered P. atlantica (2 Kg) were extracted by successive solvent extraction using Soxhlet, beginning with n-hexane, followed by ethyl acetate and finally with methanol, (three times extraction, each for 8h with 2 L solvent). The three extracts were filtered through filter paper and evaporated to dryness under reduced pressure at 40 o C in a rotavapor and further used for screening purpose. The dried extracts weights were calculated to give n-hexane (35 g), ethyl acetate (59 g) and methanol (65g), respectively. The three extracts were preliminary investigated for their biological activity.
Isolation and Identification of Phenolics
The two dimension paper chromatography of the ethyl acetate extract using the solvent systems (1) and (3), respectively, revealed the presence of polyphenolic components. The concentrated ethyl acetate extract (59 g) was chromatographed on a polyamide S6 and repeated Sephadex LH-20 column fractionation. The polyamide column (120×7.5 cm) and eluted with H 2 O followed by H 2 O-MeOH mixtures of decreasing polarities to yield six subfractions (I-VI ), then started with H 2 O followed by isocratic elution from 10% to 100 % H 2 O/MeOH. Following removal of the solvents six subfractions were individually collected and subjected to two dimensional paper chromatography (2DPC). Compound 1 (74 mg) was isolated pure from 2.50 g of fraction II. Compounds 2 (48 mg) and 3 (86 mg) were individually separated purely by fractionation of 2.6 g of fraction III over Sephadex LH-20 column using a H 2 O/MeOH mixture of decreasing polarity for elution. Compound 4 (75 mg) was individually isolated pure from 2.3g of fraction IV by fractionation on a Sephadex LH-20 column and 40% aqueous MeOH for elution, followed by preparative paper chromatography (prep. PC), using BAW system for final purification. Compound 5 (45 mg) was individually separated pure from 200 mg of fraction V by (prep. PC), using n-BuOH water saturated as solvent. Compound 6 (38 mg) was isolated pure from 3.5g of fraction VI by fractionation on a polyamide column using (methanol: toluene: H 2 O) (60: 38: 2), followed by preparative PC, using BAW as solvent. Their chemical structure have been established by conventional methods of chemical and physical analysis and confirmed by 1 H and 13 C NMR spectroscopy.
New compound; 2,3-di-O-galloyl-(α/β)-D-4 C 1 glucopyranose or nilocitin (4), was
obtained as an off-white amorphous powder (75 mg) showed a blue color with FeCl 3 , and a pink color with KIO 3 on PC indicative of gallotannins. 
Biological Assays
Radical Scavenging Effect Radical scavenging activity of plant extract against the stable free radical DPPH (2,2-diphenyl-1picrylhydrazyl, Sigma-Aldrich Chemie, Germany) was determined spectrophotometrically. When DPPH reacts with an antioxidant compound, which can donate hydrogen, it is reduced. The changes in color (from deep violet to light yellow) using UV spectral data at λ max: 517nm Estimation was done to the method of Molyneux et al. [16] . Radical scavenging activity of the extract was measured by slightly modified method of Brand-Williams, Cuvelier, and Berset, C. [17] . Where the extract solution was prepared by dissolving 0.025 g of the dry extract in 10 ml of methanol. The solution of DPPH in methanol (6×10 −5 M ) was freshly prepared, before UV measurements. Three ml of this solution were mixed with 9 different concentrations of the samples. The resulting solutions were kept in the dark for 30 min at room temperature and then the decrease in absorbance was measured. Absorbance of blank sample containing the same amount of methanol and DPPH solution was prepared and measured. The experiment was carried out in triplicate. Radical scavenging activity was calculated by the following formula:
where: AB is the absorbance of blank sample and AA is the absorbance of the tested samples. IC 50 value: the concentration of the substrate that causes 50% loss of the DPPH activity (color), were calculated for the standard and the extract from a graph plotted for the % inhibition against the concentration in μg/ml. Microbial cultures were grown on nutrient agar and potato dextrose agar for bacteria and fungi respectively and maintained at 4 o C in a refrigerator for further studies.
Antimicrobial assay
The methanolic and ethyl acetate extracts leaves of P. atlantica were evaluated for antibacterial activity against five bacteria strain and fungi using the agar diffusion technique [18] , 1 mg/ml solution in dimethyl formamid was used. The DMF showed no inhibition zones [19] . The tested organisms were Gram-negative bacteria (Escherichia coli NCTC-10416, Pseudomonas aerogenasa NCIB 9016), Gram-positive bacteria (Bacillus subtilis, NCIB-3610 and Staphylococcus aureus, NCTC-7447) and unicellular fungi as (Candida albicans IMRU 3669). Microbial cultures were grown on nutrient agar and potato dextrose agar for bacteria and fungi respectively and maintained at 4 o C in a refrigerator for further studies.
Conclusion
The present study has revealed that Pistacia Atlantica Desf. (Anacardiaceae) growing in Libya is capable of synthesizing and accumulating different types of phenolics, including mainly ellagitannins, gallotannins which were elucidated for the first time from this plant. It adds to the previously characterized isolation of two new compounds 2,3-di-O-galloyl-(α/β)-4 C 1glucopyranose 4; 1,3-di-O-galloyl-β-D-4 C 1glucopyranose 5. According to these results, it could be concluded that the P. atlantica ethyl acetate extract shows a very high antioxidant capacity which is very close to the value of the reference standard used. In vitro antibacterial activity of the extracts of P. atlantica leaves were studied against five bacteria strains and fungi, ethyl acetate extract shown a sensitizing effect against Staphylococcus aureus, 20 mm inhibition zone while was 19.5mm of methanolic extract against Bacillus Subtilis
